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Abstract
Background Difficulty updating threat associations to safe associations has been observed in individuals who score high in 
self-reported Intolerance of Uncertainty (IU). Here we sought to determine whether an instruction based on fundamental 
principles of Cognitive Behavioural Therapy could promote safety learning in individuals with higher levels of IU, whilst 
controlling for self-reported trait anxiety (STICSA).
Methods We measured skin conductance response, pupil dilation and expectancy ratings during an associative threat learn-
ing task in which participants either received a cognitive behavioural instruction or no instruction prior to threat extinction 
(n = 92).
Results Analyses revealed that both self-reported IU and STICSA similarly predicted differences in skin conductance 
response. Only individuals with lower IU/STICSA in the cognitive behavioural instruction condition displayed successful 
safety learning via skin conductance response.
Conclusions These initial results provide some insight into how simple cognitive behavioural instructions combined with 
exposure are applied differently in individuals with varying levels of self-reported anxiety. The results further our under-
standing of the role of basic cognitive behavioural principles and self-reported anxiety in safety learning.
Keywords Anxiety · Intolerance of uncertainty · Conditioning · Extinction · CBT · Psychophysiology
Introduction
The ability to learn and update threat and safety associations 
is essential for maintaining health and well-being (Milad and 
Quirk 2012; Shin and Liberzon 2009). Learning to associate 
cues with threat can protect us from dangerous situations. 
However, when a cue no longer signals threat, it is adap-
tive to update the previously learned association between 
cue-threat to cue-safety. Through threat conditioning, an 
organism can associate a neutral cue (conditioned stimulus, 
e.g., visual stimulus, such as a shape) with an aversive out-
come (unconditioned stimulus (US), e.g., loud noise, elec-
tric shock). Repeated presentations of a neutral cue with an 
aversive outcome can result in threat responding to the cue 
alone (conditioned response). Moreover, by repeatedly pre-
senting the learned threat cue without the aversive outcome, 
the learned threat association can be mitigated, as indexed 
by a reduction in threat responding. This process is known 
as threat extinction (Milad and Quirk 2012). During threat 
extinction, a reduction in responsivity to the learned threat 
cue over time is believed to reflect changes in contingency 
beliefs and harm expectancy (Hofmann 2008). However, 
uncertainty about changes in contingency from threat to 
safety might prolong, or prevent, the learning of new safety 
associations (Bouton 2002), potentially resulting in dys-
functional fears and consequently affecting an individual’s 
quality of life.
Previous research has shown that physiological responses 
are elevated and sustained to cues that no longer signal threat 
in anxiety and stress disorders, suggesting impaired threat 
extinction (Blechert et al. 2007; Michael et al. 2007; Milad 
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et al. 2008, 2009). Intolerance of uncertainty (IU) (Freeston 
et al. 1994) has been defined as “an individual’s dispositional 
incapacity to endure the aversive response triggered by the 
perceived absence of salient, key, or sufficient information, 
and sustained by the associated perception of uncertainty” 
(Carleton 2016b). Recent work has begun to examine how 
IU affects safety learning and has demonstrated that higher 
IU is associated with reduced safety learning, indexed by 
greater skin conductance responding to cues that no longer 
signal threat throughout extinction (Morriss et al. 2015, 
2016; Morriss, 2019; Morriss and van Reekum 2019). Fur-
ther research has shown that individuals with higher IU are 
more prone to experience spontaneous recovery of learned 
threat (Dunsmoore et al. 2015; Lucas et al. 2018).
Threat extinction is inherently uncertain, as the change 
in contingency from threatening to safe isn’t obvious. The 
uncertainty experienced during threat extinction is thought 
to maintain the conditioned response in individuals with high 
IU (Morriss and van Reekum 2019; Morriss et al. 2019a, b). 
This explanation is in line with a current definition of IU, 
where the omission of information sustains the perception 
of uncertainty (Carleton 2016b, p. 31). Importantly, in a 
recent study it was shown that giving contingency instruc-
tions before threat extinction (i.e., revealing the new safe 
outcome) enhanced safety learning in individuals with high 
IU (Morriss and van Reekum 2019). These results further 
support the notion that it is the perceived uncertainty during 
threat extinction that disrupts safety learning in individu-
als with high IU. Given that IU is transdiagnostic (Carleton 
et al. 2016a), and that current exposure therapies are based 
on principles of associative learning (Craske et al. 2014), we 
can speculate that IU may be one of the reasons why some 
individuals may take longer to benefit from exposure thera-
pies. Therefore, examining the circumstances under which 
safety learning may be promoted in individuals with high IU 
will reveal crucial information to facilitate the development 
of clinical interventions that can target IU across disorders 
with an anxiety component (Craske et al. 2014; Knowles 
and Olatunji 2019).
According to cognitive theory of anxiety, the re-evalua-
tion of the probability and the costs of the feared outcome 
should lead to a corresponding decrease in worry and anxi-
ety about the potential outcome. Hence, one of the aims 
of cognitive therapy is to help anxious clients re-evaluate 
both the probability that the feared outcome will take place 
and the consequences should it occur (Robichaud et al. 
2019). Research has examined whether IU can be targeted 
in Cognitive Behaviour Therapy (CBT) for anxiety disor-
ders and findings show promise. Dugas and colleagues (e.g., 
Dugas and Ladouceur 2000; Dugas et al. 2003, 2010) have 
developed a cognitive-behavioural intervention designed to 
specifically target IU as part of a global treatment for gen-
eralised anxiety disorder (GAD). This treatment has been 
shown to effectively reduce IU and other symptoms, such 
as worry and depression in individuals with GAD (Bom-
yea et al. 2015). Also, CBT treatments for GAD that do 
not specifically target IU have demonstrated a reduction of 
IU across treatment (e.g., Boswell et al. 2013; Hewitt et al. 
2009; van der Heiden et al. 2012). Further work also demon-
strates that changes in IU are associated with symptom relief 
in social anxiety disorder and GAD across three different 
CBT protocols (McEvoy and Erceg-Hurn 2015). There is 
therefore good reason to believe that IU is malleable, with 
a transdiagnostic and trans-therapy construct. However, the 
processes by which IU changes in therapy remain relatively 
unknown and research is needed to understand the mecha-
nisms of change across different treatment interventions 
(Shihata et al. 2016).
Treatments for anxiety and stress-based disorders com-
monly combine both CBT and exposure therapy (Dugas and 
Robichaud 2007; Simos and Hofmann 2013). To examine 
whether the combination of CBT and exposure-based prin-
ciples promote safety learning in individuals with high IU, 
we developed a lab-based extinction task where an instruc-
tion derived from CBT concepts was presented before the 
threat extinction phase. This instruction was centred around 
cognitive aspects of CBT, by encouraging participants to 
re-evaluate their predictions about the uncertainty of the CS 
and US pairing. We measured skin conductance responses 
and expectancy ratings whilst participants underwent threat 
acquisition and extinction. We used an aversive sound as 
an unconditioned stimulus and visual shapes as conditioned 
stimuli, similar to previous conditioning research (Morriss 
et al. 2015, 2016; Neumann and Waters 2006). We used 
a 50% reinforcement rate during acquisition to sustain 
conditioning during extinction (Grady et al. 2016; Leon-
ard 1975). Participants were assigned to either a cognitive 
behavioural (CB) instruction or no instruction condition. 
Prior to threat extinction, participants in the CB instruction 
condition were encouraged to pay attention to the cues (blue 
and yellow squares) and assess whether a sound would fol-
low. They were then instructed to try to use this information 
to help them determine what to expect the next time they saw 
a square. Participants in the no instruction condition were 
only told to pay attention to the squares and sounds prior to 
the threat extinction phase. To ensure that an equal balance 
of low and high IU individuals were assigned to each condi-
tion, another member of the lab matched participants across 
conditions based on self-reported IU score.
We hypothesised that during threat acquisition, all par-
ticipants regardless of condition would exhibit greater con-
ditioned responding indexed by larger skin conductance 
response magnitudes and higher expectancy ratings to the 
learned threat (CS+) versus safety (CS− ) cues. Based on 
previous research, we predicted that higher IU, relative to 
lower IU in the no instruction condition would be associated 
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with greater conditioned responding during the late part 
of the extinction learning phase (i.e., last 8 CS+ /CS− tri-
als) (Morriss et al. 2015, 2016). If a CB instruction promotes 
safety learning in individuals with higher levels of IU, then 
higher IU in the CB instruction condition should be associ-
ated with reduced conditioned responding during the late 
part of extinction learning (i.e., last 8 CS+ /CS− trials) com-
pared to those with higher IU in the no instruction condition.
In line with previous work (for discussion see Morriss 
et al. 2016) we tested the specificity of IU effects by control-
ling for trait anxiety, in this study assessed by the State-Trait 
Inventory for Cognitive and Somatic Anxiety (STICSA) 
(Ree et al. 2008). We selected the STICSA because it is 
thought to be a purer measure of anxiety, compared to other 
trait anxiety measures which also feature depressive symp-
tomology (Grös et al. 2007).
The details of the current study (i.e., hypotheses, data 
collection, analysis plans and rules for data exclusion) were 
preregistered to the Open Science Framework before study 
commencement (https ://osf.io/zv96d ).
Method
Participants
A community sample of 95 participants were recruited from 
the University of Reading and local area through the use 
of advertisements and word of mouth (M age = 24.4 years, 
SD = 4.41 years, range = 18–35 years; Sex: 67 female, 28 
male; Ethnicity: 61 White, 10 Asian, 3 Middle Eastern/Arab, 
2 Black, 1 Mixed, and 14 not specified; Sexual orientation: 
63 Heterosexual, 7 Sexual minorities (homosexual, bisex-
ual, pansexual), 25 not specified). There were 2 participants 
that withdrew and 1 participant did not understand the task 
instructions, leaving a sample of 92 participants.
Participants were recruited if they were between 18 and 
35 years of age. No other exclusion criteria were used for 
recruitment. Recruitment was not restricted based on IU 
score. Participants were paid £5 on the day of testing to 
remunerate them for their time. The procedure was reviewed 
and accepted by the University of Reading Research Ethics 
Committee. Participants provided written informed consent.
The initial power analyses estimated 92 participants. 
However, we realised that it included an incorrect f value. 
Therefore, we updated the power analyses to the following. 
The sample size of this study was based on a power analysis 
using the average effect size (η2p = 0.16) taken from Stimu-
lus × Time × IU interactions for SCR magnitude from five 
previous experiments (4/5 with significant effects of IU) 
(Morriss et al. 2015, 2016; Morriss and van Reekum 2019). 
The following parameters were used: effect size f = 0.43 
(converted from η2p = 0.16), α error probability = 0.05, 
Power (1- error probability) = 0.95, number of groups = 2 
(no instruction, CB instruction), numerator df = 1, num-
ber of covariates = 2 (IU, STICSA). The total sample size 
required was n = 73. Based on the updated power analysis, 
we oversampled.
We intended to conduct analyses using multilevel models 
and enter IU as a continuous predictor variable. However, 
we based the power analysis on a repeated measures within-
between interaction ANCOVA design because there is no 
agreed method for calculating power and estimating sample 
size for multilevel models (MLM) (Peugh 2010; Snijders 
2005).
Procedure
Upon arrival at the laboratory, participants were informed 
about the experimental procedures. Participants were seated 
in the testing booth and asked to complete a consent form 
and a series of questionnaires (see below) on the computer 
screen. To ensure that an even number of high and low par-
ticipants were allocated to each condition, a second research 
assistant assigned each participant to a condition based on 
their IU score at the beginning of the experiment. Based on 
previous research, low IU was defined as < average score 
of 65 and high IU was defined as =  > 65 (Morriss and van 
Reekum 2019).
Next, the eyetracker was mounted upon the participants’ 
head and physiological sensors were attached to the partici-
pants’ left hand. Before the task started, participants were 
instructed to: (1) maintain attention to the task by looking at 
the coloured squares and listening to the sounds, which may 
be unpleasant, (2) respond to the expectancy rating scales 
that follow the end of each block of trials, using number keys 
on the keyboard with their dominant hand and (3) to stay as 
still as possible. Pupil dilation, skin conductance response 
and behavioural ratings were recorded whilst the condition-
ing task (see "Conditioning Task" below for details) was 
presented on a computer screen. The experimental session 
lasted approximately 30 min in total.
Conditioning Task
The conditioning task was designed using E-Prime 2.0 soft-
ware (Psychology Software Tools Ltd, Pittsburgh, PA) (iden-
tical to previous work, Morriss, 2019). Visual stimuli were 
presented at a 75 Hz refresh rate on a 21 inch colour monitor 
(DiamondPro, Sony). Participants sat approximately 60 cm 
from the screen. Visual stimuli were blue and yellow squares 
with visual angles of 6.16° × 9.07°. The aversive sound stim-
ulus was presented through headphones and consisted of a 
female scream that had been used in previous experiments 
(Morriss et al. 2015, 2016). The volume of the sound was 
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standardized across participants by using fixed volume set-
tings on the presentation computer and verification by an 
audiometer prior to each session (90 dB).
The task comprised of two threat learning phases: acqui-
sition and extinction. Both acquisition and extinction phases 
consisted of two blocks each. During acquisition, one of the 
coloured squares (blue or yellow) was paired with the aver-
sive 90 dB sound 50% of the time (CS+), whilst the other 
square (yellow or blue) was presented alone (CS−). A 50% 
pairing rate was used to maximise the unpredictability of 
the CS+ /US contingency. Conditioning contingencies were 
counterbalanced, with half of participants receiving the blue 
square paired with the US and the other half of participants 
receiving the yellow square paired with the US.
Prior to extinction, participants in the CB instruction con-
dition were presented the following instruction: "In the next 
phase of the experiment we want you to pay attention to 
the squares and whether the sounds follows. Try to use this 
information to help you know what to expect next time you 
see another square. Please keep this in mind throughout this 
phase of the experiment". Participants were asked to con-
firm that they fully understood the statement before moving 
on to the next phase of the experiment. Prior to extinction, 
participants in the no instruction condition were presented 
with the following instruction: “The next phase of the experi-
ment will begin shortly. Please pay attention to the squares 
and sounds.” Participants were asked to confirm that they 
fully understood the statement before moving on to the next 
phase of the experiment. During threat extinction, both the 
blue and yellow square were presented in the absence of the 
US; this was true for both conditions, CB instruction and 
no instruction.
The acquisition phase consisted of 24 trials (6 CS+ paired, 
6 CS+ unpaired, 12 CS−). The extinction phase comprised 
of 32 trials (16 CS+ unpaired and 16 CS−), where “early” 
was defined as the first 8 CS+ /CS− trials and “late” was 
defined as the last 8 CS+ /CS− trials. Blocks of trials in 
acquisition consisted of 12 trials and in extinction consisted 
of 16 trials (2 blocks per phase). Experimental trials were 
pseudo-randomized such that the first trial of acquisition was 
always paired and then after all trial types were randomly 
presented within blocks. In acquisition participants could 
either receive a maximum of 2 CS+ paired, 2 CS+ and 3 
CS− ‘s in a row. In extinction participants could receive 
a maximum of 4 CS+ ’s or CS− ‘s in a row. The coloured 
squares were presented for a total of 4000 ms. The aversive 
sound lasted for 1000 ms and terminated with the offset of 
the paired square (CS+). Subsequently, a blank screen was 
presented for 6000–8800 ms (Morriss et al. 2019a, b; Mor-
riss and van Reekum 2019).
After trial 12, 24, 40, and 56, participants were asked 
to rate how much they expected the blue square and the 
yellow square to be followed by the sound stimulus. The 
scales ranged from 1 ("Don’t Expect") to 9 ("Do Expect"). 
All participants were presented with two other 9-point Lik-
ert scales at the end of the experiment. Participants were 
asked to rate: (1) the valence and (2) the arousal elicited by 
the sound stimulus. These scales ranged from 1 (Valence: 
very negative; Arousal: calm) to 9 (Valence: very positive; 
Arousal: excited).
Questionnaires
To assess IU and trait anxiety, we administered the Intoler-
ance of Uncertainty Scale (Freeston et al. 1994) and STICSA 
questionnaires (Ree et al. 2008). The IU measure consists 
of 27 items that are rated on a 5-point Likert scale. The 
STICSA consists of 21 items that are rated on a 4-point Lik-
ert scale.
Ratings Scoring
Rating data were reduced for each participant by calculat-
ing their average responses for each experimental condition 
(Acquisition CS+ ; Acquisition CS-; Extinction CS+ Early; 
Extinction CS− Early, Extinction CS+ Late; Extinction 
CS− Late) using the E-Data Aid tool in E-Prime (Psychol-
ogy Software Tools Ltd, Pittsburgh, PA).
Two participants’ ratings data were lost due to a computer 
copying error, leaving 90 participants with useable ratings 
data.
Skin Conductance Acquisition and Scoring
Physiological recordings were obtained using AD Instru-
ments (AD Instruments Ltd, Chalgrove, Oxfordshire) 
hardware and software. Electrodermal activity was meas-
ured with dry MLT116F silver/silver chloride bipolar fin-
ger electrodes that were attached to the distal phalanges of 
the index and middle fingers of the non-dominant hand. A 
low constant-voltage AC excitation of 22 mVrms at 75 Hz 
was passed through the electrodes, which were connected 
to a ML116 GSR Amp, and converted to DC before being 
digitized and stored. An ML138 Bio Amp connected to an 
ML870 PowerLab Unit Model 8/30 amplify the skin con-
ductance signal, which was digitized through a 16-bit A/D 
converter at 1000 Hz. The electrodermal signal was con-
verted from volts to microSiemens using AD Instruments 
software (AD Instruments Ltd, Chalgrove, Oxfordshire).
Skin conductance responses were marked using ADin-
struments software (AD Instruments Ltd, Chalgrove, 
Oxfordshire) and extracted using Matlab R2017a software 
(The MathWorks, Inc., Natick, Massachusetts, United 
States). CS+ unpaired and CS− trials were included in the 
analysis, but CS+ paired trials were discarded to avoid sound 
confounds. Skin conductance responses (SCR) were scored 
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when there is an increase of skin conductance level exceed-
ing 0.03 microSiemens (Dawson et al. 2000). The amplitude 
of each response was scored as the difference between the 
onset and the maximum deflection prior to the signal flatten-
ing out or decreasing. SCR onsets and respective peaks were 
counted if the SCR onset was within 0.5–3.5 s (CS response) 
following CS onset (Morriss et al. 2018a, b). Trials with 
no discernible SCRs were scored as zero. SCR magnitudes 
were square root transformed to reduce skew and z-scored 
within-subjects to control for interindividual differences in 
skin conductance responsiveness (Ben-Shakhar, 1985). SCR 
magnitudes were calculated from remaining trials by averag-
ing SCR-transformed values for each condition (Acquisition 
CS+ ; Acquisition CS-; Extinction CS+ Early; Extinction 
CS− Early; Extinction CS+ Late; Extinction CS− Late). 
We defined non-responders as those who responded to 10% 
or less of the total CS+ unpaired and CS− trials across 
acquisition and extinction phases (50 trials total)  (Xia, 
Dymond, Lloyd & Vervliet, 2017). Therefore participants 
were excluded if they had 5 trials or less with valid SCR 
responses (for distributions of skin conductance responding, 
please see Supplementary Material). Eight non-responders 
were excluded from the SCR analyses, leaving 86 partici-
pants with useable SCR data.
Pupil Dilation Acquisition and Scoring
Pupil dilation was recorded using an Eyelink II eye-tracker 
with a sampling rate of 250 Hz (SR Research). Head move-
ments were constrained with a chin-rest at a viewing dis-
tance of 60 cm. The eyetracker was calibrated using a stand-
ard 3-point grid at the start of the experiment and operated 
in pupil and corneal reflection recording mode.
Pupil dilation was extracted using Matlab R2017a soft-
ware (The MathWorks, Inc., Natick, Massachusetts, United 
States). CS+ unpaired and CS- trials were included in the 
analysis, but CS+ paired trials were discarded to avoid 
sound confounds. Pupil dilation was averaged for 4000 ms 
following CS onset. These data were baseline corrected by 
subtracting 1000 ms preceding each CS onset from a blank 
screen (Lonsdorf et al. 2017). Following this pupil dilation 
data were z-scored to control for interindividual differences 
in pupil dilation size (Leuchs et al. 2019). Trials were aver-
aged per stimulus type for each participant resulting in the 
following conditions (Acquisition CS+ ; Acquisition CS−; 
Extinction CS+ Early; Extinction CS− Early; Extinction 
CS+ Late; Extinction CS− Late).
Due to problems calibrating the eyetracker, four partici-
pants’ data were not recorded, leaving 88 participants with 
useable pupil dilation data.
Ratings, SCR Magnitude and Pupil Dilation Analysis
The analyses were conducted using the mixed procedure 
in SPSS 25.0 (SPSS, Inc; Chicago, Illinois). We conducted 
separate MLMs for expectancy ratings, SCR magnitude and 
pupil dilation during acquisition and Extinction. For expec-
tancy ratings and SCR magnitude during the acquisition 
phase we entered Instruction Type (CB instruction and no 
instruction) and Stimulus (CS+ , CS−) at level 1 and individ-
ual subjects at level 2. For expectancy ratings and SCR mag-
nitude during the extinction phase we entered Instruction 
Type (CB instruction and no instruction), Stimulus (CS+ , 
CS−) and Time (Early: first 8 CS+ /CS− trials, Late: last 8 
CS+ /CS− trials) at level 1 and individual subjects at level 
2. We included the following individual difference predictor 
variables in the multilevel models: IU and STICSA.
In all models, we used a diagonal covariance matrix for 
level 1. Random effects included a random intercept for each 
individual subject, where a variance components covariance 
structure was used. Fixed effects include Instruction Type, 
Stimulus, and Time. We used a maximum likelihood estima-
tor for the multilevel models. We corrected post-hoc tests for 
multiple comparisons using the Benjamini–Hochberg False 
Discovery Rate procedure (Benjamini and Hochberg, 1995). 
The corrected significance values were: extinction ratings, 
p < 0.024; extinction SCR magnitude, p < 0.016; extinction 
pupil dilation, p < 0.003. The significance values for the 
acquisition phase were not corrected as there was only one 
test (i.e., CS+ vs. CS−).
In the MLMs with the two predictor variables (IU, 
STICSA), a significant interaction with one variable but 
not the other suggests specificity. Based on prior work, 
we expected such specificity for IU, but we also explored 
interactions with STICSA, given extant findings with trait 
anxiety in the conditioning literature (Lonsdorf et al. 2017). 
Where a significant interaction was observed with IU (or 
STICSA), we performed follow-up pairwise comparisons 
on the estimated marginal means of the relevant conditions 
estimated at specific IU values of + or − 1 SD of mean IU, 
adjusted for STICSA (or IU). Similar analyses have been 
published elsewhere (Morriss et al. 2016, 2018b).
Results
For descriptive statistics see Table 1.
Questionnaires
The anxiety measures were normally distributed (skewness 
and kurtosis values between 0.3 and 0.7): IU (M = 63.17, 
SD = 21.18, range = 28–113, α = 0.95); STICSA (M = 38.67, 
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SD = 10, range = 21–58, α = 0.89). The no instruction and 
CB instruction conditions had a similar range of scores for 
the IU and STICSA measures (no instruction IU: M = 63.63, 
SD = 21.77; CB instruction IU: M = 62.71, SD = 20.81; no 
instruction STICSA: M = 39.67, SD = 9.87; CB instruction 
STICSA: 37.67, SD = 10.12; see Fig. 1).
Ratings
Participants rated the sound stimulus as aversive (M = 2.32 
SD = 1.24, range 1–5, where 1 = very negative and 9 = very 
positive) and arousing (M = 6.61, SD = 1.91, range 1–9 
where 1 = calm and 9 = excited).
Participants displayed higher expectancy ratings of the 
sound with the CS+ versus CS− during acquisition [Stimu-
lus, F(1, 90) = 224.302, p < 0.001] and extinction [Stimulus, 
F(1, 209.833) = 146.356, p < 0.001; see Table 1 and Fig. 2]. 
In the early part of extinction, participants displayed higher 
expectancy ratings of the sound with the CS+ versus CS−, 
p = 0.001. However, during late extinction, the expectancy 
rating of the sound with the CS+ dropped and was similar to 
the CS−, p = 0.600 [Time, F(1, 209.833) = 13.566, p < 0.001; 
Stimulus × Time, F(1, 209.833) = 17.760, p < 0.001].
During extinction, individuals scoring higher in 
STICSA tended to have greater expectancy of the sound 
with the CS+ (M = 4.54, SE = 0.33) versus CS− (M = 1.92, 
SE = 0.28), p < 0.001, relative to individuals lower in 
STICSA: CS+ (M = 3.24, SE = 0.33), CS− (M = 1.90, 
SE  = 0.28),  p  < 0.001 [Stimulus × STICSA, F(1, 
209.833) = 7.954, p = 0.006]. Moreover, individuals with 
higher STICSA scores showed a similar pattern of expec-
tancy for the sound with the CS+ vs. CS− during extinc-
tion, regardless of instruction type, ps < 0.001 [Stimu-
lus × Instruction Type × STICSA, F(1, 209.833) = 6.165, 
p = 0.014] (No instruction CS + : M = 4.41, SE = 0.47; 
No instruction CS−: M = 2.28, SE = 0.39; CB instruc-
tion CS+ : M = 4.67, SE = 0.48; CB instruction CS−: 
M = 1.56, SE = 0.40). However, individuals with lower 
STICSA scores who were in the CB instruction condition 
displayed lower expectancy of the sound with the CS+ vs. 
Table 1   Summary of means 
(SD) for each dependent 
measure as a function of 
condition (CS+ and CS−), 
separately for acquisition, early 
extinction and late extinction
SCR magnitude (√μS), square root transformed and z-scored skin conductance magnitude measured in 
microSiemens. Z-scored pupil dilation (Δmm) measured in delta millimetres
Measure Acquisition Early extinction Late extinction
CS+ CS− CS+ CS− CS+ CS−
Expectancy rating (1–9) 6.59 2.31 4.50 1.88 3.20 1.97
(1.99) (1.88) (2.63) (1.53) (2.27) (1.98)
Square root transformed and 
z-scored SCR magnitude (√μs)
0.20  − 0.03 0.07  − 0.10 0.06  − 0.13
(0.50) (0.29) (0.33) (0.32) (0.37) (0.39)
Z-scored pupil dilation (Δmm) 0.14 0.06 0.05  − 0.11  − 0.04  − 0.09
(0.48) (0.39) (0.40) 0.38 0.41 0.44
Fig. 1  Histograms depicting the distribution of IU and STICSA self-report scores per instruction condition
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CS at trend-, p = 0.060 (No instruction CS+ : M = 3.88, 
SE = 0.52; No instruction CS−: M = 2.61, SE = 0.43; CB 
instruction CS+ : M = 2.61, SE = 0.43; CB instruction 
CS−: M = 1.92, SE = 0.36).
No other significant main effects of Instruction Type 
or interactions with STICSA or IU were found, max 
F = 2.086.
Fig. 2  Bar graph depicting mean expectancy ratings (a), SCR magni-
tude (b) and pupil dilation (c) during acquisition and extinction. Error 
bars represent standard error. Expectancy ratings, 1 = Don’t expect, 
9 = Do expect. Square root transformed and Z-scored SCR magni-
tude (μS), skin conductance magnitude measured in microSiemens. 
Z-scored pupil dilation (∆mm) measured in delta millimetres. Note 
that the z-scoring was performed within-subjects, across acquisition 
and extinction, thus explaining the negative values for a number of 
conditions
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SCR Magnitude
Greater SCR magnitude was found for the CS+ , com-
pared to the CS− during acquisition [Stimulus, F(1, 
92) = 15.781, p < 0.001] and extinction [Stimulus, F(1, 
360.769) = 26.975, p < 0.001; see Table 1 and Fig. 2].
No other significant main effects of Instruction Type, 
Time, or interactions with IU or STICSA were found, 
max F = 1.258.
Pupil Dilation
Greater pupil dilation was observed for the CS+ , com-
pared to the CS− during acquisition, but this difference 
was not significant [Stimulus, F(1, 89) = 2.343, p = 0.129]. 
Pupil dilation was significantly larger to the CS+ vs. 
CS− during extinction [Stimulus, F(1, 349.925) = 7.061, 
p = 0.008; see Table 1 and Fig. 2].
No other significant main effects of Instruction Type, 
Time, or interactions with IU or STICSA were found, max 
F = 2.733.
Post Hoc Analyses
We did not find effects of IU and STICSA when they were 
entered together into the MLMs for SCR magnitude and 
pupil dilation during extinction. To examine whether this 
was due to the measures accounting for shared variance, 
we conducted further analyses with IU and STICSA, 
where they were entered alone into the MLMs for SCR 
magnitude and pupil dilation.
When IU and STICSA were entered alone into 
the MLMs for SCR magnitude there were signifi-
cant interactions [Stimulus x Instruction Type × IU: 
F(1,329.069) = 6.322, p = 0.012; Stimulus x Instruction 
Type × STICSA: F(1,330.567) = 6.080, p = 0.014; see 
Fig. 3]. These interactions were driven by larger SCR 
magnitude to the CS+ vs. CS− in individuals with lower 
and higher IU/STICSA [at trend for IU, p = 0.067; at trend 
for STICSA, p = 0.091] in the no instruction condition and 
individuals with higher IU/STICSA in the CB instruction 
condition, ps < 0.01. Only individuals with lower IU/
STICSA in the CB instruction condition displayed no 
significant difference in SCR magnitude for the CS+ and 
CS− during extinction, ps > 0.2.
No other significant interactions with IU or STICSA were 
found for SCR magnitude and pupil dilation, max F = 2.456.
Discussion
Here we examined the effect of CBT based instructions on 
safety learning in individuals with varying levels of IU and 
STICSA. We show that the CB instruction was effective 
in promoting safety learning in individuals with lower IU/
STICSA. However, CB instructions were observed as inef-
fective in promoting safety learning for individuals with 
higher IU/STICSA, who continued to respond to cues pre-
viously associated with threat. This work provides a starting 
point for understanding the role of different self-reported 
measures of anxiety on basic CBT principles and safety 
learning, which will have relevance for future treatment tar-
gets of anxiety and stress disorders.
We observed typical patterns of conditioning in the acqui-
sition and extinction phases, where larger SCR magnitude, 
pupil dilation (at trend) and expectancy ratings were found 
for the learned threat vs. safety cues. However, we only 
observed a reduction in responding to the learned threat 
vs. safety cues across the extinction phase for the expec-
tancy ratings. The lack of reduction in responding across 
the extinction phase for SCR magnitude and pupil dilation 
suggests that participants did not learn the new safety asso-
ciation. Such effects may have occurred for the physiological 
Fig. 3  SCR magnitude results during threat extinction based on IU 
(a) and STICSA (b) scores estimated ± 1 standard deviation from the 
mean. Only individuals with lower IU/STICSA in the CB instruction 
group displayed no differential SCR magnitude between the CS+ and 
CS−. Bars represent standard error. Square root transformed and 
z-scored SCR magnitude (μS), skin conductance magnitude measured 
in microSiemens. Note that the z-scoring was performed within-sub-
jects, across both acquisition and extinction, thus explaining the nega-
tive values for a number of conditions
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measures during extinction because of the use of a partial 
reinforcement schedule during acquisition, which is known 
to slow down extinction (Leonard 1975).
We conducted MLMs with both IU and STICSA entered 
as continuous predictor variables per the preregistered 
analysis plan. However, this analysis yielded no significant 
relationships between IU, stimulus and instruction type for 
SCR magnitude during extinction. However, post hoc MLMs 
with IU and STICSA entered separately, revealed that both 
self-report measures interacted with stimulus and instruction 
type for SCR magnitude during extinction. IU and STICSA 
were found to influence SCR magnitude in the same way. 
Individuals with: (1) lower and higher self-reported anxiety 
in the no instruction condition, and (2) higher self-reported 
anxiety in the CB instruction condition displayed larger 
SCR magnitude to the learned threat vs. safety cues during 
extinction. Only individuals with lower self-reported anxi-
ety in the CB instruction condition displayed no difference 
in SCR magnitude for the learned threat and safety cues 
during extinction, suggesting successful instruction-cued 
safety learning.
Based on previous findings (Morriss et al. 2015, 2016; 
Morriss 2019; Morriss and van Reekum 2019), we expected: 
(1) larger SCR magnitude responding for the learned threat 
vs. safety cues during extinction for individuals with high 
IU in the no instruction condition, and (2) no differences in 
SCR magnitude responding for the learned threat vs. safety 
cues during extinction for individuals with low IU in the no 
instruction condition. Our predictions were partially sup-
ported in that individuals with higher IU in the no instruc-
tion condition showed larger SCR magnitude for the learned 
threat vs. safety cues. However, this effect was not specific 
to IU, as a similar effect was found for STICSA. The lack of 
extinction for individuals with lower IU (and STICSA) in 
the no instruction condition was unexpected and may have 
occurred due to differences in task instructions. In the no 
instruction condition, we asked participants to ‘Please pay 
attention to the squares and sounds’ before extinction. Whilst 
our instruction was relatively general, previous research has 
shown that more direct contingency instructions speed up 
and maintain conditioning (for review see, Mertens et al. 
2018). Therefore, our instruction may have encouraged indi-
viduals with lower IU (and STICSA) to attend more, given 
the suggested potential for a sound.
Individuals with higher IU/STICSA in the CB instruc-
tion condition showed larger SCR magnitude to the learned 
threat vs. safety cues during extinction, suggesting a lack 
of instruction-cued safety learning. These results for higher 
IU/STICSA in the CB instruction condition are similar to 
past findings from individuals with high IU who received 
no instructions (Dunsmoor et al. 2015; Lucas et al. 2018; 
Morriss et al. 2015, 2016; Morriss and van Reekum 2019). 
In a recent study, it was shown that giving direct contingency 
instructions before threat extinction (i.e. providing certainty 
that the associated square would not be followed by a sound) 
enhanced safety learning in individuals with high IU (Mor-
riss and van Reekum 2019). Based on these findings, we can 
speculate that individuals with higher IU/STICSA in the CB 
instruction condition may have not immediately benefitted 
from the instruction because it encouraged them to work out 
the contingencies for themselves, rather than provide them 
with certainty about the contingencies.
Individuals with low IU/STICSA in the CB instruction 
condition displayed no difference in SCR magnitude for 
the learned threat and safety cues during extinction, sug-
gesting successful safety learning. It is unclear whether 
the safety learning effects for low IU/STICSA in the CB 
instruction condition would be superior to individuals with 
low IU/STICSA who underwent a standard extinction (i.e. 
no instructions at all). Nevertheless, we can conclude that 
individuals with lower self-reported anxiety benefited from 
the CB instruction instructions, compared to individuals 
with higher self-reported anxiety. Whilst we only examined 
a single session of extinction with simplified instructions, 
these results highlight that individuals with higher self-
reported anxiety may need more practise and intense CBT 
with exposure therapy than their lower self-reported anxiety 
counterparts.
In previous work, IU has been found to be specifically 
related, over self-reported trait anxiety and worry meas-
ures, to differences in SCR magnitude (and other readout 
measures) during extinction (Dunsmoor et al. 2015; Lucas 
et al. 2018; Morriss 2019; Morriss and van Reekum 2019; 
Morriss et al. 2015, 2016). In the current study, the results 
from the MLMs with IU and STICSA entered as continuous 
predictors suggested no specificity of IU and STICSA for 
SCR magnitude differences during extinction. Yet further 
MLMs where IU/STICSA were entered as grouping fac-
tors suggested more specificity of IU over STICSA for SCR 
magnitude (see Supplementary Material). Notably, to our 
knowledge, this is the first time IU has been pitted against 
STICSA. It may be that STICSA is also a reliable self-report 
measure for examining anxiety and threat extinction. How-
ever, further replication work is needed to ascertain if there 
is any specificity or equality between the IU and STICSA 
measures.
Interestingly, the results differed depending on the type of 
measurement we used. In line with past research on IU and 
threat extinction (Dunsmoor et al. 2015; Lucas et al. 2018; 
Morriss et al. 2015, 2016, 2018b), we found significant 
relationships between IU and skin conductance response. 
However, we did not find IU-related effects for pupil dilation 
during extinction. From this, we speculate that skin con-
ductance, compared to pupil dilation, may be a more robust 
measure for examining individual differences in IU within an 
extinction context. While both skin conductance and pupil 
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dilation are under the control of the sympathetic branch of 
the autonomic nervous system (Dawson et al. 2000) there 
may be differences in the rate of habituation, as well as tonic 
and phasic activity. For the ratings we observed results with 
STICSA, where individuals scoring higher in STICSA rela-
tive to lower in STICSA tended to have higher ratings of 
expectancy of the sound with the CS+ versus CS−, regard-
less of instruction condition. In a previous extinction experi-
ment, similar effects were observed on the expectancy rat-
ings with self-reported trait anxiety (STAI) (Morriss et al. 
2019a, b). Thus, both self-reported STICSA and STAI, 
compared to IU, may be closely aligned to more conscious 
processes such as self-reported expectancy. The difference in 
relationships between self-reported IU and trait anxiety with 
other behavioural measures supports current theory which 
postulates that trait anxiety (STICSA or STAI) is a higher 
order factor (i.e., more consciously accessible), whilst IU 
is lower order factor (i.e., less consciously accessible) (for 
further discussion see Carleton 2016b).
A limitation of the current study is that there was no 
manipulation check that the different instruction types 
worked. However, with instruction-based studies of threat 
extinction, such formal manipulation checks tend not to be 
used. Instructions are presumed to work if there are dif-
ferences between conditions based on instruction type. In 
this study, only differences in SCR magnitude based on IU/
STICSA and instruction type were found. Therefore, in this 
study the instruction manipulation may have been weak. 
These findings highlight the need for the development of 
manipulation checks in future instruction-based studies of 
threat extinction, such as contingency awareness.
In conclusion, these initial results provide some insight 
into how simple CB instructions combined with exposure 
are applied differently in individuals with varying levels 
of self-reported anxiety. Tentatively, the current findings 
suggest that individuals with lower IU/STICSA benefit 
from a brief CBT like intervention, whilst individuals with 
higher IU/STICSA do not. Further experimental and clini-
cal research is needed to assess how combined CBT with 
exposure therapy can promote safety learning in individuals 
with higher levels of self-reported anxiety.
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